Over the last decade basic scientific research has led to a greater understanding of the contribution of genes to present and future health. 1 There is a growing recognition that genetic information will need to be integrated into all aspects of health care delivery, especially primary care. [2] [3] [4] Patient advocacy groups have lobbied to raise health professionals' awareness of genetic issues, 5 and the need for both patients and professionals to have an appropriate level of familiarity with the new technologies has been recognized by the European Commission. 6 GenEd (Genetic Education for Nongenetic Health Professionals) includes social scientists, nurses, clinical geneticists general practitioners, educationalists, and genetic patient support groups from five countries with additional collaborators from six countries. The project was funded by the European Commission 5th Framework from 2002 to 2005 following on from the Concerted Action on Genetic Services in Europe, which described specialist genetic service provision 7 and the Confidential Enquiry into Counseling for Genetic Disorders by Nongeneticists, funded by the UK Department of Health, which examined the quality of nongenetic specialist care for genetic conditions. 8 The current research aimed to assess education in Europe for health care providers likely to be approached by patients concerned about inherited risk. In some countries, these providers are family doctors, or general practitioners, who regulate access to other specialist services via a "gatekeeper" role. In others, it is likely that patients will directly access specialties such as pediatrics or obstetrics.
In 1990, research showed that undergraduate medical training in the UK varied in its basic genetic content and included little applied clinical genetics. 9 Nongenetics specialist doctors with cases involving genetic issues demonstrated poor documentation, did not refer for genetic counseling, and did not consider wider implications for other family members. 8 These findings have been supported in other countries such as Australia, 10 Netherlands, 11, 12 Singapore, 13 and USA. 14 -17 Despite this, confidence in dealing with genetic issues was relatively high among US medical students and residents (59%, n ϭ 85) 18 and German gynecologists (66%, n ϭ 172), 19 while 31% of US physicians had ordered or referred for genetic testing in the previous 12 months. 20 Comparison of genetic education in Europe has been complicated by the variety of health care systems, organizational structures in health professional education, and health care professionals involved at first patient contact. 21 Recently, a pan-European policy committee has expressed concerns about the accessibility of clinical genetics services and health professional education in genetics. 22 
METHODS
We examined existing policy in relation to undergraduate, postgraduate, and continuing education in 2002. Within partner countries (France, Germany, Netherlands, Sweden, and the UK), published curriculum documents were assessed by reading or electronic keyword searching (Fig. 1) . Where there were no such documents, information was sought by telephone or postal questionnaire directly to the organizations responsible for setting, assessing, and implementing education (further details in Table 1 ). Where a questionnaire was used, this was directed to key individuals identified as being involved in curriculum development. Open questions were asked about content and structure of genetic information. Use of multiple sources, where possible, allowed for cross-verification, and information from each partner country has been independently reviewed. In countries where information concerning postgraduate education was less easily available, partners investigated primarily some specialties likely to be approached by a patient with a genetic concern, such as pediatrics, obstetrics/ gynecology, and family practice. In France and Sweden, the organizational structure and diverse curricula has meant that only information relevant to a few specialist groups was available. Comparative information was supplied by expert collaborators in Greece, Hungary, Italy, Lithuania, Poland, and Spain. Tables 2 (partner countries) and 3 (observer countries) show demographics of undergraduate, postgraduate, and continuing education relating to genetics. The countries are listed alphabetically within each table.
RESULTS

Medical undergraduate education
In France, professors of genetics are responsible for undergraduate training. The number of hours devoted to genetics is variable and at the discretion of each medical faculty, whereas the professor of genetics decides particular topics covered. Assessment is at the end of each year, usually by multiple-choice examination and short questions about knowledge or clinical management. Until 2004, students also took an "internat," a competitive examination, in their 6th year if they wished to become specialists. The internat addressed eight specific medical genetic issues, but preparation was variable, at the initiative of the university, and focused mainly on scientific genetic principles. Since 2004, a national examination has been taken in the 6th year including three wide-ranging extended essay questions. The genetic content is more specific but includes only trisomy 21, cystic fibrosis, and fragile X to highlight different modes of inheritance. Due to this, the Pedagogic working group of the National College of Genetic Practitioners produced unofficial guidance specifying the medical genetics issues about which undergraduate students should be knowledgeable. 23 In the German written curriculum (Catalogue of Teaching Objectives; Gegenstandskatalog), the most commonly found keywords relevant to genetics were in courses on basic biology (45/125 topics; 36%) and orthopedics (30/293 topics; 12%). In most subjects, including gynecology/obstetrics, neurology, and surgery, Ͻ 6% of the curriculum was relevant to genetics. In 2002, a new set of regulations came into force allowing individual universities more flexibility, although the first doctors following this new syllabus will not qualify until 2014.
In the Netherlands, curricula vary but universities share a general scheme of examinations and a framework of 328 problems. All doctors should have encountered these problems during training and know how to react appropriately to them. Five problems are relevant to medical genetics (request for reproductive genetic evaluation, suspicion of genetic or congenital anomaly, positive screening result, request for preventive evaluation, and request for information) but recognizing a genetic problem or genetic problem solving are not included. In most universities, genetics is integrated within other courses (reproduction, sense organs, or developmental disorders) and comprises only a small proportion of the total course if included at all (1 to 21%, mean 8%).
In Sweden, there are national goals for medical education but these contain no overt genetics and each medical school has flexibility in how it fulfils them. The cell and molecular biology course includes many elements of basic genetics and constitutes most of the first semester curriculum in all medical schools. The involvement of clinical geneticists in education varies between universities. Some schools have no separately defined medical genetics courses.
The General Medical Council (GMC) Education Committee formally regulates undergraduate medical education in the UK and has recommended an emphasis on problem-based learning rather than knowledge-based curricula. 24 In practice, universities have reasonable autonomy to define their own courses. Various bodies including the Royal College of Physicians of London and the British Society for Human Genetics 9, 25 have recommended core basic science and clinical curricula for the teaching of medical genetics to medical students, but these are not compulsory. Table 3 provides further information relating to undergraduate education in the additional countries.
Medical postgraduate education
In France, future medical specialists train for a specialist diploma (DES) and can then train further for a complementary diploma (DESC). Specialty professors at each of the 43 universities autonomously organize the content of specialist training, making collection of accurate data regarding curriculum content impossible. There are some inter-regional agreements between medical universities about the organization of programs, including topics to be taught. In some specialties, there is a national college responsible for setting topics and for the organization of training. There is no standardization of genetic education between different specialties. Twelve universities offer DESCs related to medical genetics [chromosomal abnormalities (4 universities), molecular cytogenetics (3 universities), congenital malformations, genetics in hematology and oncology, development and heredity, biostatistics and genetics, and cancer genetics and adult genetic diseases].
In Germany, postgraduate guidelines define the extent to which any item needs to be taught. From these it appears that Table 2 Education in partner countries In the Netherlands, only specialist training in obstetrics/gynecology, neurology, and pediatrics included formal genetic education, but the format of this is not specified. General Practitioner training is organized through institutes at the eight universities that provide medical undergraduate education. Several institutes spend some time on genetic education in their training program, but there are no formal regulations. MDs for the mentally handicapped are expected through training to be familiar enough with clinical genetics to be able to refer appropriately. In Sweden, each specialty has a defined curriculum set by the National Board of Health and Welfare (Socialstyrelsen) in conjunction with the professional organizations. We found phrases referring to genetic knowledge in the curricula for general practice, endocrinology, gynecologic oncology, neurology, obstetrics and gynecology, oncology, pediatric medicine, pediatric psychiatry, and pediatric neurology. Genetic conditions for which the trainee is expected to demonstrate competence in management are defined, but the format of training is not.
In the UK, postgraduate training is supervised by the Medical Royal Colleges. It is regulated and assessed regionally and is monitored by regional representatives of the relevant Royal College. Published curricula included theoretical knowledge of genetics in anesthesia, chemical pathology, histopathology, toxicology, neonatology, allergy medicine, cardiology, endocrinology, gastroenterology, hematology, immunology, medical oncology, neurophysiology, palliative medicine, rehabilitation, renal medicine, respiratory medicine, all psychiatric specialties, clinical oncology (radiotherapy), general surgery, orthopedics, urology, and pediatric (endocrinology, gastroenterology, nephrology, neurology, rheumatology, and surgery). Demonstrable skills are required for the following: obstetrics/ gynecology, medical and surgical ophthalmology, audiological medicine, dermatology, neurology, metabolic medicine, child and adolescent psychiatry, endocrine surgery, and oral and maxillofacial surgery. A few specialties require attendance at genetic specialist clinics but mostly training relevant to genetics is self-directed and self-assessed on the part of the trainee.
See Table 3 for information on postgraduate medical education in additional countries.
Continuing medical education
In France, after an annual "call for proposals," Sécurité Sociale regional centers announce priority topics then select session organizers from private pharmaceutical industries, professors of medicine, or professional educational associations. Many specialists join physician societies who also provide continuing education courses, but these are not organized nationally. In 2002, 14 such organizations existed. It is difficult to be precise about the role of medical genetics in continuing medical education because of the number of organizations involved.
In Germany, continuing medical education (CME) requirements are often met by reading suitable educational material. In 2001, "Deutsches Ärzteblatt," a weekly journal read by about 75% of physicians, contained 6% (8/141) of articles with even peripheral genetic relevance.
In the Netherlands, registration as a specialist is required every 5 years. Each specialty is responsible for accreditation of courses and decides the number of hours of CME required annually. Courses relevant to genetics have been offered in pediatrics and obstetrics, but these are infrequent and specialists are free to choose between accredited courses; currently few opt for continuing genetic education. CME in Sweden has until recently been sponsored mostly by the pharmaceutical industry. Recently, there have been more incentives to undertake education, but there is little evidence that progress has been made in any specialty. Of 12 specialty organizations surveyed (9 responses), three offered CME in genetics during 2002 (obstetrics and gynecology in cancer and fetal diagnostic courses, oncology via one lecture in a 10-day course biennially and at most conferences, and an annual 1-day course in pediatrics).
In the UK, the GMC is responsible for assessment and revalidation of specialists, whereas the medical Royal Colleges approve particular events and courses. The Colleges of Psychiatrists, Pediatrics and Child Health, and Obstetrics and Gynaecology have formal publications about CME; none of these specifically addresses genetics.
See Table 3 for information on continuing medical education in additional countries.
Midwifery and nursing
French midwives study genetics for on average 30 hours including modes of inheritance, prenatal diagnosis, and chromosomal anomalies. Continuing education is optional and providers did not mention training in genetics. Within nurse training, genetics occurred during the first and second years (1 to 6 hours according to the school). The official program involves "screening, congenital malformations, and genetic diseases" although some schools added "prenatal diagnosis and genetic counseling."
In the Netherlands, 1 week in the first year of midwifery training and 2 weeks in the third year are spent on genetics. Some institutions also offer 2 weeks of practical genetic education in the fourth year. Continuing education is organized by one agency, and in 1997, the majority of practicing midwives attended courses on clinical genetics.
In Sweden, there is no national nursing curriculum and universities vary in curricula and examinations. Registered nurses can enter 1-year programs to become specialized nurses or may enter courses to become registered midwifes. In our survey, most schools stated that specific education in medical/clinical genetics was missing. Genetic aspects were considered in basic cell biology, or as part of teaching about various disorders, ethics, or pharmacology. The most common topics were basic Mendelian and molecular genetics with between 2 to 6 hours of teaching time, mostly lectures but also including seminars and project work. However, genetic specialists were not used as teachers.
The UK Nursing and Midwifery Council (NMC) publishes requirements for nursing and midwifery programs; these do not include any specific mention of genetics. Required mid-wifery competencies include the following: enabling women to make informed choices, referring women who would benefit, and examination and care of babies with specific health or social needs (including congenital disorders). A survey found that most nursing schools offered Ͻ 10 hours of genetics, and most had no assessment of genetic learning. 26 Similar competences exist for registration as a health visitor, which requires a further degree after qualification as a nurse or midwife. A separate group examining genetics in postgraduate nursing education found that half of postgraduate nursing or midwifery curricula included no genetics. 27 Core genetic competencies for nurses and midwives in the UK have recently been published and recognized by the NMC. 28 
DISCUSSION
We experienced major difficulties in attempting to elicit details of the genetic education content of medical and midwifery training programs in the 11 GenEd countries because of great variability of health care systems and associated wide disparity in health professional education and in the duration and content of genetic education.
In France and Germany, the national medical undergraduate curricula contained little genetics and this was mainly confined to basic molecular genetics or cell biology courses. In the Netherlands, Sweden, and the UK, individual universities decide undergraduate curricula and detailed analysis was beyond the capacity of this study. Within undergraduate medical education, genetic theory and competence seem to be relatively neglected. This does not appear to be associated with any particular type of educational or health service structures, although assessment has been hampered by lack of clarity and structure in curricula, particularly in systems where educational policy allows individual faculties or schools great autonomy.
Although improving education in genetics for health care professionals has been recognized as necessary by a European Commission expert committee, 6 achieving this will be difficult because of the multiplicity of systems and organizations that must be influenced. Curricula are being modified in France and Germany and two curricula are running concurrently. In France and the UK, national professional organizations have been actively trying to increase the relevance and quality of genetic education at undergraduate level. 23, 25 It is encouraging to find that a number of regulators of specialist curricula have identified specific requirements in genetic training for specialization, but many specialist disciplines remain without any required study in clinical genetic topics. There are many differences between the five countries in the curricular content of the same specialty. In general practice/family medicine, Sweden and Germany have a nationally regulated curriculum, which includes no formal genetic education. In France, the Netherlands, and the UK, there is less regulation and the content varies between universities.
In contrast to the UK, Sweden, and France, nurses in Germany have no independent role in delivering health care services to families. In the Netherlands, midwives have an active role in providing genetic education to families. However, genetic education for both nurses and midwives is generally minimal; the provision for Dutch midwives is notably greater. Genetics is present in the prequalification nursing and midwifery curricula in Sweden. The UK lacks a defined undergraduate nursing curriculum, but core competencies have been defined for nursing and midwifery training. 28 Where centralized curricula exist, as in France and Germany, changing the national framework would potentially lead to changes at the university level. However, in the absence of a centralized curriculum and where individual universities have more autonomy, a consensus framework of competencies might prove more useful. The publication by genetic professional groups in France and the UK of recommended core competencies in genetics similar to those of wide general relevance from the US National Coalition for Health Professional Education in Genetics (NCHPEG) 29 is welcome. Others published are relevant to individual professional groups, 30 while a recent UK report 31 recommends a national genetics education strategy and establishment of a National Health Service Genetics Education and Development Centre, which is now running (http://www.geneticseducation.nhs.uk). A "training the trainer" approach has been shown to have some success, 32 whereas for patients at-risk for colorectal cancer, direct patient education was as effective as education of their physician. 33 Whatever is published we believe that enhancing health professional education in genetics will require that professionals themselves should recognize the importance of genetic competencies in providing appropriate and timely care to their patients. Accordingly, the second phase of GenEd is surveying pediatricians, obstetrician/gynecologists, general practitioners, and midwives to explore awareness of genetics in their practice and to ascertain their priorities for genetic education and competencies.
In the present report, we provide information that we believe will be helpful to health service planners, specialists, and patient advocacy groups enabling them favorably to influence curricula in genetics for nongenetic health care professionals.
